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ABSTRACT 
The Albufera Natural Park (Valencia, Spain) is one of the most representative coastal wetlands in the 
Mediterranean basin. It holds several protection designations at national and international level, such 
as Spanish Natural Park, Special Protection Areas (SPAs) for birds, Sites of Community Importance 
(SCIs) and Ramsar Site. Both the park and its main lake, Albufera’s lake, face several environmental 
problems. One of them is reduced transparency and lake clogging. The lake is highly dependent on the 
rice cycle and on irrigation returns, mainly from the Acequia Real. In this study, we analyse the monthly 
transparency and turbidity patterns during year 2018, and we relate them to irrigation cycles. We used 
Sentinel 2A satellite images from the European Space Agency, which have an atmospheric correction. 
Remote sensing results were compared with in situ data from the monitoring program of the 
Environment General Subdivision of the regional government. This monitoring program samples five 
points on a monthly basis, and analyses Secchi disk depth, suspended solids and chlorophyll a. Our 
results show the temporal and spatial pattern of turbidity in the Albufera lake which offers relevant 
information for water resources management. 
Keywords:  sentinel, satellite, turbidity, Secchi disk. 
1  INTRODUCTION 
Wetlands are of vital importance because they provide a great variety of ecosystem services 
[1]. Among others, they are an important freshwater reserve and a source for groundwater 
recharge, and in coastal areas they provide defence against marine intrusion. However, they 
are among the most endangered ecosystems, especially in coastal areas due to several 
anthropogenic threats, e.g. treated or untreated wastewater discharges or reduced water inputs 
due to agricultural uptake. These threats cause changes in water quality parameters such as 
reduced transparency and increased phytoplankton biomass [2]. In recent years there is a 
growing interest in developing indicators to monitor environmental change in these areas [3]. 
Many scientific studies have addressed the issue of mapping and monitoring natural habitats 
through remote sensing and obtaining indicators of their conservation status [3].  
     Remote sensing is a valuable tool for monitoring several parameters. Some studies have 
analysed the distribution of sediment in suspension allowing the construction of a synoptic 
description of turbidity patterns [4]. MODIS images have been used to determine the  
spatio-temporal variability of turbidity from their reflectance; this variability has been related 
to the Secchi disk depth in ocean and coastal waters [5]–[8] and to a lesser extent in rivers 
[9]. Also, Landsat reflectance images have been used (in a turbid estuary [10]), and their 
signal penetration at different depths [11], [12]. Studies on wetland water bodies are more 
scarce due to a higher complexity caused by their typical shallowness and turbidity.  
     The determination of turbidity in shallow waters requires the use of spectral bands that 
are sensitive to turbidity and have a limited depth penetration to avoid substantial interference 
from the bottom [13]. Water absorption increases rapidly from red (645–700 nm) to red edge 
NIR (700–780 nm) [14]. This absorption limits the light received from the bottom, while it 
returns light scattered by suspended materials. This offers a good balance between turbidity 
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detection and bottom detection [15]. Several studies have already indicated that these spectral 
bands are appropriate for the monitoring of turbidity or suspended solids in optically complex 
regions [13], [15], [16]. According to [13], the 704 nm wavelength gives the greatest return 
of light to the sensor at depths between one and two meters. However, at longer wavelengths, 
sensitivity to suspended material in shallow and highly turbid waters is lost [13]. 
     In addition to remote sensors, a simple and low-cost way of observing changes in 
suspended matter is the Secchi disk depth. It is a measure of water transparency, measured 
by lowering a white (in marine waters) or black-and-white (in continental waters) disk with 
a diameter of about 30 cm in the water until it is no longer visible to an observer on the 
surface [8], [17].  
     The objective of this research was to analyse the monthly transparency and turbidity 
pattern during year 2018 in the Albufera lake, a shallow and turbid lake from the wetland 
Albufera Natural Park (Valencia, Spain). This objective was achieved using Sentinel 2A 
images and in situ data from the monitoring program of the Environment General Subdivision 
of the regional government. 
2  MATERIALS AND METHODS  
2.1  Study area 
The Albufera Natural Park is one of the most representative coastal wetlands in the 
Mediterranean basin. It is a shallow and hypertrophic coastal lagoon and is located on  
the Mediterranean coast, 10 km south of the city of Valencia (Fig. 1) [18], [19].  
 
 
Figure 1:    Study area, the Albufera lake and surroundings. Numbered red points are 
sampling stations from the monitoring program of the Environment General 
Subdivision of the Valencian government. 
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     It holds several protection designations at national and international level, such as Spanish 
Natural Park, Special Protection Areas (SPAs) for birds, Sites of Community Importance 
(SCIs) and Ramsar Site. However, the park faces several environmental problems. This 
research focus on its main lake, Albufera’s lake. The lake is highly dependent on the rice 
cycle, which is the main crop in the watershed, and on irrigation returns, mainly from the 
Acequia Real. The lake is connected to the Mediterranean Sea through three floodgates, 
“Golas” in Spanish, from North to South, Gola de Pujol, Gola del Perelló and Gola del 
Perellonet. These floodgates are operated to satisfy rice crop needs. The floodgates are open 
from January to March to allow the water level of the lake to increase mainly during this 
period for irrigation. During the rice growing season (April–September) the floodgates 
remain closed to allow fields flooding and with an insignificant flow to the lake. The doors 
open in September to allow the rice fields drying for the rice harvest. Finally, the doors are 
closed again in November to allow the flooding of the harvested rice fields, which favours 
the mineralization of nutrients [20]. It also receives some treated wastewater from nearby 
urban and industrial areas [21]. The lake exhibits reduced transparency and it is threatened 
with clogging, hence the importance of studying turbidity patterns.  
2.2  Secchi disk and suspended matter 
Secchi disk depth (cm) and suspended matter (mg/L) were measured monthly by the 
monitoring program of the Environment General Subdivision of the Valencian government 
in the five red points depicted in Fig. 1 from 1995 to 2018. These data can be accessed at the 
website www.agroambient.gva.es/es/web/espacios-naturales-protegidos/programa-de-
seguimiento-de-zonas-humedas.  
     Secchi disk depth was measured with a 30 cm diameter black-and-white disk, which was 
submerged in the water until it was no longer visible to an observer on the surface [8], [17]. 
Secchi disk depth is inversely proportional to the amount of dissolved and/or particulate 
matter present in the water column; thus, is a turbidity indicator. Suspended matter (total 
suspended solids, TSS) was determined following the Standard Methods (2005) procedure, 
2540D, for surface waters. Secchi disk depth and suspended matter data were standardized 




where xi is the month datum of year i, ?̅? is the month average from 1995 to 2018, and SD is 
the monthly standard deviation from 1995 to 2018. 
     The standardized values were classified as follows: (1) values in the interval (−1, 1) 
indicate average values; (2) values in the interval (1, 2) are above average conditions, and (3) 
values (> 2) are highly anomalous. The limit of the anomalous conditions was based on an 
Inverse Cumulative Distribution Function (ICDF), in a normal distribution, which defines 2 
standard deviations as the limit of values without noise with 90% confidence [22]. 
     Then, the month average of the standardized values from 1995 to 2018 was calculated to 
characterize each month.  
2.3  Satellite data 
Sentinel 2A and 2B images were obtained from the Sentinel Scientific Data Hub 
(https://scihub.copernicus.eu/). For each month the better image available was selected, that 
is, the image with less cloud coverage. Images were processed at Level-2A, that is, an 
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orthoimage Bottom-Of-Atmosphere (BOA) corrected the reflectance product. The band 5 
(705 nm) used in this work has a spatial resolution of 20 meters (ESA). 
     The reflectance values of band 5 (705 nm) were spatially standardized following eqn (1). 
Spatial standardization means that we analyse the spatial distribution of reflectance values. 
So, in this case eqn (1) variables are the following: xi is the month datum of sampling station 
i pixel, ?̅? is the month average of all Albufera lake pixels, and SD is the monthly standard 
deviation of all Albufera lake pixels. 
3  RESULTS AND DISCUSSION 
Suspended matter concentration shows a temporal pattern in the Albufera lake. Suspended 
matter is higher from March to October in all sampling stations (except sampling station 1 
from March to August), and thus the Secchi disk depth is lower in March–October (Fig. 2).  
 
 
Figure 2:    Standardized monthly averages of Secchi disk depth (black bars) and suspended 
matter (green bars) for the period from 1995 to 2018, in the five sampling 
stations of Albufera lake. 
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     During the study period from 1995 to 2018, the lowest water transparency is in  
May–June and October in sampling stations 2 to 5. Sampling station 1 exhibits a little 
different behaviour, that is, lower water transparency is maintained from March to 
September, and transparency only shows a recovery during November to January.  
     To better analyse the spatial pattern, the monthly standardized reflectances, band 5  
(705 nm) from Sentinel 2A, for year 2018 can be examined in Fig. 3. This reflectance 
represents turbidity as follows: values in the interval (−1, 1) indicate average values (blue 
colour); values in the interval (1, 2) are above average conditions (yellow colour), and values 
(> 2) are highly anomalous (red colour). 
     The spatial distribution of turbidity observed in Fig. 3 is related to meteorological events. 
From October to December 2018, several heavy rain events carried more sediments to the 
lake through surface runoff. Rain events were linked to turbidity values above the average  
 
 
Figure 3:    Monthly standardized reflectances band 5 (705 nm) from Sentinel 2A, year 2018, 
in the Albufera lake. Turbidity is represented as follows: values in the interval 
(−1, 1) indicate average values; values in the interval (1, 2) are above average 
conditions, and values (> 2) are highly anomalous. 
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ones (yellow colour) and even highly anomalous ones (red colour). During this period the 
floodgates were opened and allowed a discharge to the sea through the “Golas”. From July 
to September, during the rice growing season, when freshwater inputs to the lake are much 
more reduced, the most important variable is east wind. The wind dominant direction from 
sea to land causes the accumulation of suspended material in the west area of the lake. In 
April a false anomaly is observed, which was due to cloud presence. The study images were 
selected taking into account the lowest cloud coverage to avoid these interferences, but no 
better image was available in April 2018. 
     A statistical analysis was done to check the correlation between remote sensing and in situ 
information. The monthly standardized data of Secchi disk was correlated with standardized 
reflectance of Sentinel band 5 (Table 1). According to p-value, the correlation was 
statistically significant (p-value < 0.05) for all sampling stations except sampling station 1.  
Table 1:    Correlation between the monthly standardized data of Secchi disk and band 5 
(705 nm) of Sentinel 2. 
Sampling stations Pearson correlation P-value 
1 0.574 0.051 
2 0.579 0.048 
3 0.592 0.042 
4 0.623 0.031 
5 0.637 0.026 
 
     According to the morphometric analysis carried out in 2005, the average depth of the 
Albufera lake was 0.9 m [23]. The results of the statistical analysis corroborate that  
the reflectance of band 5 (705 nm) is suitable for the analysis of shallow lakes, such as the 
Albufera lake, even in eutrophic conditions. Sampling station 1 showed a temporal and 
spatial behaviour that differed from the others. This station is located at the shallower area of 
the Albufera lake (<0.9 m).  
     The analysis of turbidity gives information about organic and inorganic suspended 
materials, that is, about phytoplankton and inorganic particles. Previous remote sensing 
research [24], [25] focuses mainly on chlorophyll a study, which is an indicator of 
phytoplankton biomass. Our study of turbidity patterns provides an important supplementary 
information to those previous studies. Soria [23] demonstrated that flushing pulses are key 
to improve water quality and to remediate eutrophication. In our study, we demonstrated that 
during important rain events, the turbidity pattern shows higher values towards the floodgates 
“Golas”. Then, it is important that during rain events the connection between the lake and the 
sea remains open to allow sediment discharge and avoid lake clogging. Increasing flushing 
pulses frequency would be a good management measure that could help in alleviating not 
only eutrophication problems but also lake clogging.  
4  CONCLUSION 
Turbidity dynamics in the Albufera lake are variable along the year. The main variables 
affecting turbidity patterns are precipitation, wind and management of floodgates. Having 
taken into account the temporal and spatial pattern of suspended matter, it is important to 
develop a conscious management of irrigation practices. Closing the floodgates during 
important rain events prevents the discharge of solids to the sea. This can have several 
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negative effects both for the lake and for the receiving coastal waters and ecosystem. The 
lake has a clogging trend that can be worsened due to the accumulation of non-discharged 
solids. The beaches next to the receiving coastal waters do not receive an important load of 
solids to nourish them. 
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